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 A key observable: Gamma rays at 511 keV 

 One of the main β+ emitters: 18F 
 
 2 main reactions constrain the abundance of 
18F: 18F(p,α)15O et 18F(p,γ)19Ne. 
 
 Study of 18F via 19Ne. 
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Study of the 19Ne spectroscopic properties of astrophysical 
interest via a new method of inelastic scattering 

 (November 2013) 
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b) Knowledge about 19Ne  
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D. J. Mountford et al. PRC (2012) : 18F(p,α)19Ne @ 3.924MeV/u  

A. M. Laird et al PRL (2012) : 19F(3He,t)19Ne. 



c)     An example : the resonant state at 8 keV 
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3/2+ (l=0)  

3/2- (l=1) 
controversy 

Adekola et al. (2009) 
Angular momentum l=1 

S. Utku et al. (1998) 
Angular momentum l=0 

Reaction rate for resonant state at 8 keV of the reaction 18F(p,α)15O 
 

1)Astrophysical context 2)The experiment 

3/13 

3)Angular distribution 

F. Boulay Master Thesis (2012) 



c)     An example : the resonant state at 8 keV 

3/2+ (l=0)  

3/2- (l=1) 
controversy 

Adekola et al. (2009) 
Angular momentum l=1 

S. Utku et al. (1998) 
Angular momentum l=0 

Reaction rate for resonant state at 8 keV of the reaction 18F(p,α)15O 
 

=> We do need to measure experimentally the spectroscopic properties of 19Ne 
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F. Boulay Master Thesis (2012) 

Temperature GK 
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a) The setup 
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Energy spectra (Ex) 
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VAMOS spectrometer* 

*M. Rejmund et al. NIMA (2011)    
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a) The setup 
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b) Protons p’ spectra 
1)Astrophysical context 
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c) 19Ne* exitation energy spectra 
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Improvement in resolution by a factor ~2 with the new method !!!!! 
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d) Coincidence with CD-Pad 
1)Astrophysical context 2)The experiment 
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CD-PAD* 

*T. Davinson et al. NIMA 454(2000) 
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D.J. Mountford et al. PRC (2012) 

!!! Extract Γ values !!! 
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Angular distributions 

Spin of the state ⇒ Model independant 
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1)Astrophysical context 2)The experiment 3)Angular distribution  
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446 J . G .  P R O N K O  A N D  R . A .  L I N D G R E N  

a s  

w ( o )  = 

where 

P(m) A(Jil'smK)(2-Sn,) x 
mll" s K r  

x X'(il') Y(s) QK PK(COS 0), (l) 

A(dli' smK) = ( -  1) Is-ml i'l' )2 (ll' 00IK0) x 

x (JJm-mIKO) W(IJl'J; sK). (2) 

The quantum numbers involved in these two equations 
are completely analogous to those found in the y-ray 
formulae with the exception of I and s. The outgoing 
channel spin s has a set of  quantized values ranging 
between the sum and difference of the spins of the 
outgoing light particle and final state. The orbital 
angular momentum of the final particle is repre- 
sented by l; the interference from competing i values 
is represented by the mixing ratio X(ll')=(ll'])/([l]}, 
where r in eq. (1) takes on the values 0, 1 and 2. 
Because of the conservation of parity this mixing 
will be limited to l and l ' =  l+2 ,  with l generally 
being the lowest possible allowed value consistent with 
the conservation of parity and angular momentum. The 
term Y(s) represents the relative contribution to the 
angular correlation from each exit channel spin. The 
solid angle correction Qk is explained in the final section 
of this paper. The application of eq. (1) is most useful 
in the analysis of data collected in a collinear geometry 
where the intermediate particle is detected on the beam 
axis such that the final particle is observed to be coming 
from a select set of substates. This effectively produces 
a stronger alignment than the case where the inter- 
mediate particle might not be observed. As in the case 
of  Method lI  of Litherland and Ferguson 1) the sub- 
states from which the particles originate cannot exceed 
the algebraic sum of the spins of the target, projectile 
and intermediate particle. For example 3) in the reaction 
a4Mg(p, c021Na(po)2°Ne the observation of Po in coin- 
cidence with e particles on the beam axis selects only 
those particles coming from m = +__ ! substates. Further- 
more only s = ! and a single ! value need be considered 
in this particular reaction if Po represents the group to 
the d~ = 0 + ground state of 2°Ne. The equation for the 
angular correlation for this and similar cases reduces to 

W(O) = ~ A (,Ill' sinK) QK PK (COS 0). (3) 

The parity of a given state of  spin ar can in principle 
be obtained from the angular correlation since 
7z = ~ze(- 1) I. This is true for all outgoing channel spins 
except s = ! and is due to a degeneracy in the Racah 

coefficient which gives the same value for both 
! = j + l .  

A rather interesting case is the set of  reactions 4'5) 
such as 12C(160,~)24Mg(~o)Z°Ne. For transitions to 
the ar ~ = 0  ÷ ground state, s =0  and consequently eq. (1) 
can be reduced to 

W(O) = ~ P(m) ~12(llOOlKO) ! 
Km 

x (,IJm - talK0) QK PK (cos 0). (4) 

I f  the intermediate alpha particles are observed on the 
beam axis, then only the m = 0 substate enters in the 
sum and from the addition theorem associated with 
Legendre polynomials, eq. (4) reduces to W(O)~ P2 I 
(cos 0). If  instead the states of 24Mg were populated via 
a reaction 1t) such as 12C(14N, d)24Mg(%)2°Ne with the 
deuterons detected on the beam axis, the substates 
rn = 0, __ 1 would have to be considered in developing 
the theoretical angular correlation and the more 
general eq. (4) would have to be used. 

A class of reactions for which the analysis of the 
correlation is more difficult and one which would not 
yield unique spins and parities as readily is the set of 
reactions which involve competing outgoing channel 
spins as well as competing ! values. For these cases it is 
necessary to represent this mixing by the parameters 
Y(s) and X(ll') ofeq. (1). A typical example of  this kind 
of reaction is the 12C(3He, n)140(po)13N reaction 6) 
where the final state is the J " =  l -  ground state of 13N; 
here parameters representing the relative population 
of the m = 0  and m=+__l substates must also be 
included in the analysis. In the reaction 7) 11B(3He,~) 
1°B(%)6Li the measured angular correlation of the % 
particles would be dependent on substates Im] ~< 2, as 
well as the mixing of ! values for the "unnatura l"  
parity states. Despite the increase in descriptive para- 
meters representing the correlations for these two 
kinds of  reactions, the obtaining of unique spin and 
parities is not impossible and is particularly true of  
de-exciting states of  high spin7). 

3. Data analysis and tables of coefficients 

Existing computer codes which handle the ,~2 data 
analysis for y-ray angular correlations can be modified 
in line with eqs. (1) and (2) to handle the correlation 
data of  the type described herein. For example, those 
codes based on the Poletti and Warburton s) formalism 
need only the existing F~ coefficients modified such that 

F'K(JS)= ~ (2-6u,)X' ( l l  ') Y(s)F'K(II'sJ), (5) 
I t ' s  
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more only s = ! and a single ! value need be considered 
in this particular reaction if Po represents the group to 
the d~ = 0 + ground state of 2°Ne. The equation for the 
angular correlation for this and similar cases reduces to 
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The parity of a given state of  spin ar can in principle 
be obtained from the angular correlation since 
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Ji=3/2 

Coverage of the CD-PAD 



Conclusion  
 
Experiment 
 
Online analysis : experiment is successful! ✓


(range of interest covered with good statistics…)  
The resolution is better with this new inelastic scattering method. ✓


Access to spin and widths in a model independent way ✓ 
 
About the fine analysis 
 
Study of angular correlation theory ✓        
 
Starting of the analysis of the CD-PAD data  
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